Background and Aims. Existence and diagnostic procedures of neurosecretory dysfunction of growth hormone (NSD) are still a matter of debate. The aim of our study was (a) to find out if prediagnostic auxological and laboratory data could serve as an indicator for pathologic and normal spontaneous GH-secretion and (b) to evaluate the response to GH-therapy in NSD-patients. Methods. Of 90 children (unicentric study) with normal response to GH-stimulation tests, in whom 12-hour night profiles for GHsecretion were performed, 49 were diagnosed with NSD (NSD group). Their auxologic data, IGF-I/IGFBP3-levels as well as the night profiles, were analysed and compared to those of the non-NSD group. Additionally, follow-up auxological data of the GH-treated NSD-patients were collected. Results. Prediagnostic auxologic and laboratory data did not differ between the two groups. Instead, for all analysed criteria of spontaneous GH-secretion (number of peaks, maximal and mean secretion) a significant difference was found. Children with NSD showed a good response to GH-treatment after 1 (ΔH-SDS +0,77 ± 0,48) as well as 4 years (+1,51 ± 0,75). Conclusion. According to our results, analysing spontaneous GH-secretion remains the only method to identify NSD. Yet, as response to GH-treatment is comparable to results in idiopathic GHD, it is worth to consider this diagnosis.
Introduction
Short stature is one of the most frequent reasons for consultation in pediatric endocrine units. Neurosecretory dysfunction of GH-secretion (NSD) is characterized by inadequate growth velocity, low to normal IGF-I-levels, and normal response of GH in stimulation testing but insufficient spontaneous GH-secretion [1] [2] [3] [4] . A good benefit from treatment with recombinant growth hormone has been shown for these children [5] . Yet, the diagnostic process is strainful, in terms of cost, staff, and being time-intensive, as to current knowledge identification of NSD is only possible by measuring spontaneous GH-secretion for 24 or 12 hours [3, 6] . Moreover there is no general consensus which parameters (e.g., number and maximal amplitude of peaks, maximal and mean GHsecretion, and area under the curve) should be used for analysis of spontaneous GH-secretion [3, [6] [7] [8] [9] [10] .
We were interested if the diagnostic process could be simplified, if certain prediagnostic data (before measuring spontaneous GH-secretion) actually used are predictive and if the characteristics used for analysis of this testing are good enough to distinguish between children with and without NSD. In addition, the outcome of GH-treatment and correlation with baseline auxologic and diagnostic features in patients classified positive for NSD should be evaluated with the aim to prove the correctness of the diagnosis.
Patients and Methods
In our institution between 03/2000 and 01/2015 spontaneous night 12-hour-secretion profiles of growth hormone were performed in 90 prepubertal children. Our institution laboratory used the same method for measuring GH, IGF-I, and IGFBP3 over the whole study period (Immulite). Table 1 : Prediagnostic auxological and laboratory data for the two study groups NSD and non-NSD ( values for the differences between the two groups; ANOVA analysis; value < 0,005 for all parameters). For these "night profiles," blood samples were collected in 30-min-intervals from 08:00 p.m. to 08:00 a.m. Children fulfilling two of the following criteria were diagnosed as having NSD: number of peaks (i.e., significant rise of GH for at least 3 consecutive sample times) < 4, maximal GHsecretion ("max") < 8,0 ng/ml, and mean secretion ("mean") < 3,2 ng/ml. By this, 49 children (male : female = 32 : 17) were classified having NSD and treatment with recombinant growth hormone was started. The 41 children (male : female = 25 : 16) with normal night GH-secretion served as control group ("non-NSD group"). Children in whom puberty had already started (defined by Tanner stage > B1 in girls and testis volume > 3 ml in boys) as well as those with genetic syndromes or chronical illnesses and on medication which could possibly influence growth were previously excluded from the study. For all children, the following data were analysed: age, weight, height, height-SDS (H-SDS), height velocity (HV), height velocity-SDS (HV-SDS), difference between chronological age and bone age (delay in bone age, dBA), IGF-I, and IGFBP3 at the time of the night profile or the latest available before. In all children classical GH-deficiency was excluded by normal results in growth hormone stimulation tests (clonidine and/or arginine test). As there were no significant sex-related differences in the all these parameters (data not shown), boys and girls were not analysed separately.
Advances in Endocrinology
In NSD-patients, GH treatment (biosynthetic GH from Ferring, Ipsen, Lilly, Merck, Novo Nordisk, Pfizer and Sandoz) was started with a dose of 0,028 ± 0,005 mg/kg/d which was kept relatively constant afterwards (mean dose after 1 year: 0,030 ± 0,003 mg/kg/d). To evaluate the effect of therapy, laboratory results for IGF-I and IGFBP3 (expressed in SDS) after 3 months of treatment as well as H-SDS, HV, and HV-SDS after one year were obtained and differences to the pretreatment values were calculated (ΔH-SDS, ΔHV, ΔHV-SDS, ΔIGF-I-SDS, and ΔIGFBP3-SDS). For the NSD group, additionally long-term follow-up data of H-SDS, HV, and HV-SDS were collected (mean follow-up: 3,9 ± 2,2 years, range: 1 to 11 years). 1-year data existed for 42 of the 49 children. In the non-NSD group 3-month follow-up values for the laboratory parameters were available for 14 children, 1-year height-data for 24. Yet, as there were no further routine controls of these patients, it was not possible to get long-term follow-up data of this group.
The study protocol was approved by the ethics committee of the Ludwig-Maximilians-University, Munich, and written informed consent was obtained from the NSD-patients and their parents.
Statistical Analysis. For statistical analysis, the above mentioned anthropometric data of the patients were converted into sex-, age-, and height-specific standard deviation (SD) scores. Results are presented as mean ± SD. For betweengroup comparisons (e.g., NSD versus non-NSD) we used Student's -test or single factor variance analysis (univariate ANOVA) and in case of non-normally distributed variables the non-parametric Mann-Whitney -test. Correlations between variables were determined by Spearman's method. Throughout, level of significance for each test was set to 0,05. Calculations were performed using the statistical package SPSS for Windows (version 14.0, SPSS, Chicago, IL, USA) and R 2.12 (http://cran.r-project.org).
Results

Auxologic Data.
First, we compared prediagnostic auxologic data of NSD-and non-NSD patients. Means, standard deviation, maxima and minima for age, weight, H-SDS, HV, HV-SDS, and delay in bone age (dBA) for both groups are shown in Table 1 . All children fulfilled the auxological indication criteria for considering disturbance of growth hormone secretion. We accepted this also for the two children who showed a quite high growth velocity (see Table 1 : maxima in both the NSD-and the non-NSD-group) as they had grown so fast only in the last months before the night profile. There were no statistically significant differences for any one of the analysed parameters between the two groups (parts of these and following data were already shown in [11] ).
IGF-I and IGFBP3.
In short children, IGF-I and IGFBP3 are used as surrogate parameters for GH-secretion and testing for GH-deficiency is recommended when levels are below −2,0 SDS, although higher results do not exclude the diagnosis. In our collective, only 24 (49,0%) of the children in the NSD-and 19 (46,3%) of those in the non-NSD group showed IGF-I-values < −2,0 SDS. In 41 versus 33 (84 versus 80%) they were lower than −1,0 SDS, yet in all but 1 patient in each group IGF-I was below 0 SDS ( Figure 1 ). For IGFBP3, we found values < −2,0 SDS only in 2 patients in each group and below −1,0 SDS in 16 NSD-and 14 non-NSD children (33%/34%). In 8/7 patients (16%/17%), SDSlevels for IGFBP3 were above the mean of 0 SDS.
Night Profiles: Spontaneous 12-h-GH-Secretion.
By analysing the 12-hour night profiles, in 27 children of the NSDgroup the combination of a low number of peaks and low mean secretion was found, 9 had subnormal maximal and mean secretion and in 9 all three criteria were pathologic. In the non-NSD group 15 of the 41 children (36,6%) also had less than 4 peaks in their night profiles, but none of them showed maximal GH-levels below 8,0 ng/ml as well as mean GH-levels below 3,2 ng/ml.
Between the two groups univariate ANOVA-analysis revealed significant differences for the means of all three parameters (peaks: 2,9 ± 1,10 vs 3,8 ± 0,98, maximum: 10,2 ± 4,10 ng/ml versus 18,3 ± 3,50 ng/ml, mean secretion 2,3 ± 0,50 ng/ml versus 4,3 ± 0,88 ng/ml) [11] . In spite of this the ranges of the number of peaks in NSD-and non-NSD children widely overlapped (1-6 versus 2-7) and GH-maximum was normal in 23 NSD-patients. Mean secretion during the night was below the cutoff (i.e., < 3,2 ng/ml) in every single one of the children classified having NSD, but in no one of the non-NSD group ( Table 2 and 
Comparison of Night Profile Criteria with Pre-Diagnostic
Parameters. For NSD-as well as non-NSD patients no significant correlations between the findings in the night profiles and any of the analysed prediagnostic parameters H-SDS, HV, HV-SDS, weight, IGF-I-SDS, IGFBP3-SDS, and dBA were seen (Table 3) . 
Response to Therapy
IGF-I-and IGFBP3 after 3 Months and Growth Response after 12
Months of Treatment. Therapy with recombinant human growth hormone was started in all 49 children with NSD. To evaluate the response to growth hormone we studied changes in H-SDS and IGF-I-/IGFBP3-levels during therapy. An increase in IGF-I-SDS was seen in all children and mean IGF-I-SDS changed from −1,80 ± 0,67 to −0,26 ± 0,99, that is, more than 1,5 SDS (Figure 3 ). For IGFBP3-SDS, changes varied widely (mean: −0,62 ± 0,90 before treatment, 0,18 ± 1,10 after three months). As expected, in the non-NSD group (no GH-treatment) there were no relevant changes for both IGF-I and IGFBP3 (Figure 3) .
Generally growth data after one year of treatment with recombinant GH are regarded significant for the response to therapy also during the following years and for the final height outcome [11] [12] [13] [14] [15] [16] [17] [18] [19] . For our whole group of NSD-patients we found a mean gain of H-SDS of 0,77 ± 0,48, HV almost doubled (8,24 ± 1,58 cm/year versus 4,32 ± 1,68 cm/year at baseline) and HV-SDS increased by 4,40 ± 3,5. ΔH-SDS was > 0,5 in 29 patients (69%), ΔHV > 3 cm/year in 27 (64%), and ΔHV-SDS > 1 in 35 (83%) after the first year of therapy ( Figure 4 ).
Correlation of Night-Profile-Secretion with Response to GH-Treatment.
Of special interest was to find out if there was a correlation between spontaneous GH-secretion in the night profiles and response to treatment. For the number of peaks and maximal GH-secretion, we did not find any significant association (Table 4 ). Mean GH-secretion was positively correlated with H-SDS after 1 year ( + 0,332) (but not with ΔH-SDS!) ( Figure 5 ).
Comparison to Non-NSD Patients.
We also compared the auxological data of the NSD-group after the first year 6 Advances in Endocrinology Advances in Endocrinology of treatment with spontaneous growth of the non-NSD children. As there was no routine-follow-up of this group, data were available for only 24 of the 42 patients. While their auxological parameters had been quite similar to those of the NSD-group before (see above), now there was a wide discrepancy in absolute values for H-SDS, HV, and HV-SDS as well as in the change of these parameters during this year with high statistical significance ( Figure 6) . In contrast to the rise in the treated NSD-patients, we even saw a decrease in HV and HV-SDS in the control group in the mean, but with a wide range.
Follow-Up for Later
Years. 15 of our patients already finished therapy having reached adult height. On the whole, their H-SDS raised from −3,01 ± 0,47 to −1,85 ± 0,83, which means an increase of 1,17 ± 0,93 SDS (Figure 7(a) ). The evidence of these data for the real effect of the treatment is influenced by the fact that these patients started therapy at very different ages (6 to 14 years) and in consequence duration of treatment varied from 1 to 8 years. For our whole collective, mean follow-up time was 3,9 ± 2,2 years. Data for at least these approximately 4 years existed for 25 children. After the peak during the first year of therapy, their mean height velocity continuously decreased (8,24 ± 1,60 cm/year after 1 year to 5,09 ± 2,99 after 4 years), but in spite of this, HV-SDS always remained positive (3,56 ± 2,30 after 1 year to 0,77 ± 1,92 after 4 years). In consequence mean H-SDS increased with every year of treatment starting with −2,81 ± 0,64 and reaching 
Discussion
To our knowledge, this is the first study comparing two groups of children with and without the final diagnosis of NSD regarding their auxological, laboratory, and night profile data. We are also not aware of another analysis of an equivalent number of NSD-patients for their short-and longterm outcome under treatment with recombinant growth hormone. Among others, one of the most relevant limiting factors of our study is that nearly all correlations we found are rather weak.
In the first part of our investigations, we could demonstrate that using auxological data and laboratory parameters (IGF-I, IGFBP3) before analysing spontaneous GHsecretion, it was not possible to predict which children would finally fulfill the criteria for NSD. Concerning IGF-I it is of note that while in classical growth hormone deficiency levels lower than −2 SDS are considered as a hint for the diagnosis [20] , just about half of the children in each of our two groups showed low values. In most of them, IGF-I-levels were below −1 SDS and in almost all below the mean. So, as it has been shown before [21] , IGF-I-levels above 0 SDS can almost rule out the diagnosis of NSD. But in the whole, by regarding IGF-I-levels it is not possible to distinguish children with NSD neither from those with normal results in the night profiles nor from children with classical GH deficiency.
Finally, the shown results of prediagnostic auxological and laboratory data, the growth hormone stimulation tests, and the night profiles confirm that evaluating spontaneous growth hormone secretion is the only method to identify children with NSD and in consequence remains necessary albeit strainful for patients, staff, and costs [1, 3, 4, 6] . In agreement with other studies analysing 24-h-secretion for GHD-, NSD-, and normal children [3, 6] , we found a significant difference in the number of peaks for the NSD-and non-NSD patients. In contrast to others who consider the number and amplitude of peaks as highly important [3] , in our collective this criterion was not helpful for diagnosis of NSD in the individual child due to the widely overlapping results. The cutoff of 8,0 ng/ml for maximal GH-levels shows a high specificity for differentiation between NSD-and non-NSD patients in our study. Nevertheless, in more than 40% of all NSD-patients a maximal GH-secretion in the same range as in the majority of the non-NSD patients was found, which makes sensitivity much lower. So similar to the number of peaks, the criterion of maximal GH-levels is not sufficient for the diagnosis as isolated parameter, as higher maximal GHlevels cannot exclude the existence of NSD in the individual child. Instead, mean secretion of GH with the cut-off-level of 3,2 ng/ml clearly remains the most specific and sensitive parameter in our study.
In all children with NSD, GH-treatment was started. Regarding the whole group, auxological data after the first year of therapy showed a good response (ΔH-SDS > 0,5 in 69%). Our results for the increases of H-SDS, HV, and HV-SDS as well as HV during the first year are comparable with or even higher than shown by many other studies for GH treatment in children with GHD [1, 18, [22] [23] [24] . A good response to GH-therapy in NSD-patients has already been reported 30 years ago [3] and was confirmed recently [25] . Moreover we can interpret it as a proof that our method of identifying children with NSD is correct.
Additionally, we saw significant differences to the spontaneous growth in the non-NSD group. In the mean, the growth velocity of the latter even decreased, but individual values varied widely which might be explained by an effect of age, but probably also by divergent reasons for their small stature; for example, familial or "real" idiopathic short stature, constitutional delay of puberty and growth, or others may be genetic reasons that were not diagnosed.
In spite of these generally positive outcome data of the NSD-patients, there is also quite a remarkable group of poor responders. Regarding a gain in H-SDS < 0,5 during the first year of treatment which is the one of the criteria set up by Bakker et al. [12] used for defining poor response in most studies, about one third of our patients (31%) did not reach this value. Yet this number is almost identical to the findings for GH-treated children with idiopathic GHD (IGHD), organic GHD (OGHD), SGA, and ISS [12, 25, 26] . Better outcome data were seen only for children with severe, but not with mild GHD [12] . For the parameters of spontaneous GHsecretion, that is, the specific criteria for identifying NSDpatients, there were no convincing correlations to the GHresponse.
Most relevant for children receiving GH-therapy is, of course, their final height. The patients of our NSD-collective who already finished therapy achieved a gain of +1,17 ± 0,93 SDS with 2/3 of them showing an increase > 1,0 SDS. Yet although this group represents almost one third of our collective, age at onset and time of therapy varied widely. So we asked for further proof for the real effect of longterm GH-treatment in the NSD-patients. In consequence, we additionally analysed the group of children (51,0%) who received treatment for longer duration than the mean of the whole group which was approximately 4 years. In these children, the mean height after this interval (−1,44 ± 0,91 SDS) as well as the gain in height (+1,51 ± 0,75 SDS) was even higher. Analyses of the data of the large KIGS-study for near adult height showed just minimally better values for IGHD-patients (+1,6, range +0,4 to +3,1 SDS) [17] , while in the ISS-patients of this large collective they were lower (+1,1 ± 0,2 SDS) [16] , although for both groups, mean time of therapy was longer than in our NSD-patients. Another study of children treated with GH for 4,3 years in the mean because of short stature of different reasons (among others GHD and also NSD) found an increase of 1,2 ± 1,1 SDS [27] , which is almost identical with our patients who reached final height. Yet, our treatment group showed a better response after 4 years of therapy. In consequence not only 1-year outcome but also long-term outcome of our collective of NSD-patients is similar to or even better than that reported for other indications for GH-treatment [11] . Moreover, for the individual patient it certainly is of relevance to know that for the majority of patients treated for longer time and even for half of those with insufficient 1-year-response (ΔHSDS < 0,5), a final height of more than −2 SDS was achieved, which is regarded as "within normal height" for a population. H-SDS after the first year was the most significant influencing factor for H-SDS after all the following years, which is in line with other reports [17] , as after the first year, the youngest and smallest children had the best profit in height gain also later. Apart from that, their findings of ΔH-SDS during the first year as the most important predictive factor for long-term outcome and an additional relevance of age and height at start of treatment, duration of therapy, and midparental height (the latter not included in our analysis) correspond to ours.
Conclusion
In conclusion, comparing the two groups we did not find significant differences in prediagnostic auxological and laboratory analysis. Instead, only the night profile allowed a clear differentiation between NSD-and non-NSD-children. Thus performing 12-hour profiles of spontaneous GH-secretion (especially mean GH-secretion) remains the only method to identify children with NSD and we could not find a possibility to reduce the prediagnostic procedures. Response to GHtreatment of NSD-children is comparable to the results of GH-therapy for children with growth hormone deficiency. HV-SDS before start of treatment as well as ΔH-SDS during the first year of treatment are predictive for long-term effects of GH treatment.
